A 24-h neutralization test that is based on fluorescent cell counting was used for the detection and quantitative determination of serum-neutralizing antibody against lymphocytic choriomeningitis virus. The earliest manifestation of serum-neutralizing antibody in guinea pigs was shown to occur within 1 week after inoculation with lymphocytic choriomeningitis virus. Within 11 weeks, serum-neutralizing antibody increased from 20-to 300-fold. Neutralizing end points of serum samples, obtained from 3 through 11 weeks, were enhanced as much as sevenfold by complement. Anti-guinea pig immunoglobulin G or anti-whole guinea pig serum potentiated the neutralizing activity of serum as much as 20-and 40-fold,,respectively.
Rivers and Scott (10) first reported the presence of serum-neutralizing antibody in guinea pigs that had recovered from lymphocytic choriomeningitis (LCM). The earliest time that serum-neutralizing antibody was detected in guinea pigs, in response to intraperitoneal inoculation with LCM virus, was 4 weeks (5). In part, the difficulty experienced by investigators in demonstrating antibody prior to this time may be attributed to the insensitivity of the neutralization tests employed. In the course of developing a quantitative assay for LCM virus using the fluorescent cell-counting technique (12) (Table 2) . At 11 weeks after inoculation, antibody activity was from 20-to 300-fold higher than that noted at 1 week. Complementdependent neutralizing antibody was first demonstrated in all 3-week serum samples. Between 3 and 11 weeks, these complement-requiring neutralizing antibodies increased from 15-to 50-fold. Serum neutralization assays involving anti-immunoglobulins. To determine the effect of anti-immunoglobulins on serum-neutralizing end points, rabbit anti-guinea pig IgG, rabbit anti-whole guinea pig serum, or normal rabbit serum were added to mixtures of virus and test serum. In preliminary neutralization tests employing hyperimmune guinea pig serum, 1: 20 dilutions of anti-guinea pig IgG or anti-whole guinea pig serum were optimal to effect maximal enhancement of serum-neutralizing activity. The anti-immunoglobulins did not reduce virus infectivity. Both anti-guinea pig IgG and anti-whole guinea pig serum enhanced, by twoto threefold, the neutralizing end points of 1-and 3-week serum samples ( Table 3 ). The neutralizing end point of serum obtained at 5 weeks from guinea pig no. 1 was enhanced 40-fold by anti-whole guinea pig serum and fivefold by anti-guinea pig IgG. Similar results were noted with serum samples obtained at 7 and 11 weeks from guinea pigs no. 1 and 3. Neutralizing end points of all serum samples were increased by the addition of anti-immunoglobulins, with the exception of serum samples from guinea pig no. 2 after inoculation. With these samples, the addition of anti-immunoglobulins no longer produced an enhancing effect on serum-neutralizing end points. DISCUSSION The earliest manifestation of serum-neutralizing antibody in guinea pigs was detected within 1 week after inoculation with LCM virus. Antibody levels increased from 20-to 300-fold during the succeeding 11 weeks. Serum samples obtained 1 week after inoculation showed no dependence on complement for neutralization. Similar results were reported with equine arteritis virus (9) . In contrast, Yoshino et al. (14) demonstrated that serum obtained from rabbits less than 1 week after inoculation with herpes simplex virus contained neutralizing antibody which could be detected only in the presence of complement. However, complement-dependent neutralizing antibody against LCM virus was demonstrated in intermediate and late serum samples obtained from each guinea pig, which is similar to reported findings (6, 13) . With other virus-antibody systems, the requirement for complement by neutralizing antibody diminishes progressively from the early to the late immune stages (14) , but this was not demonstrated in the present study.
The present study showed that complement combined with antigen-antibody complexes in vitro. Oldstone and Dixon (8) reported that LCM neutralizing antibody, although not detectable in the circulation of mice, could be found in the kidneys of LCM virus carriers along with LCM virus and complement. Infectious virus-antibody complexes were detected in serum by addition of antiglobulin serum. The glomerulonephritis of chronic LCM disease in mice appears to have an immune complex pathogenesis. Circulating virus-antibody complexes are trapped in the glomerular filter along with complement and serve as an inflammatory stimulus causing disease.
The degree of enhancement of anti-guinea pig IgG and anti-whole guinea pig serum depends on the time serum samples were obtained after inoculation. These reagents had a comparable effect on serum-neutralizing titers for LCM virus until the 5th week after inoculation. At this time, with serum from guinea pig no. 1, anti-whole guinea pig serum showed a significantly higher enhancing effect than anti-guinea pig IgG, and this was noted with 7-and 11-week serum samples as well. This same effect was noted at 7 and 11 weeks after inoculation with serum from guinea pig no. 3. With lactic dehy- drogenase virus, anti-whole serum had a slightly greater enhancing effect than anti-IgG on serum-neutralizing titers (7) .
The possible presence of anti-IgG, anti-IgM, and anti-IgA antibodies in this anti-whole guinea pig serum may account for the greater enhancing effect noted. Guinea pigs are known to produce IgM (11) , and recently they have been shown to produce an IgA-like immunogloublin (4). In addition, IgA and IgM antibodies have greater valences than IgG. Studies by Blank et al. (1) have shown that valency compared to affinity may be the greater factor contributing to the neutralizing efficiency of antibody molecules.
The enhanced serum-neutralizing activity resulting from the addition of either anti-IgG or anti-whole serum inactive against the virus per se indicates the presence of infective LCM virus-antibody complexes. Sensitivity of detection of neutralizing antibody to other viruses has been significantly enhanced by addition of anti-immunoglobulins (3, 7). The serum neutralization test for LCM virus with the addition of anti-immunoglobulins and in conjunction with fluorescent cell counting provides a sensitive and rapid (less than 24 h) assay of antibodies applicable for diagnostic and research studies.
